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(54) Binder composition and aqueous coating composition 



(57) An organic silicon compound is obtained by hy- 
drolyzing (A) a hydrolyzable silane containing an alkoxy 
or acyloxy group and a nitrogenous organic group and 
(B) a hydrolyzable silane containing an alkoxy or acy- 
loxy group. The hydrolyzate or organic silicon com- 
pound is available as an aqueous solution which is 



ready for use as a binder composition. An aqueous coat- 
ing composition comprising the binder composition and 
optionally, a U V screen compound is also provided. The 
binder composition and the coating composition are 
shelf stable and impart water resistance, heat resist- 
ance and weatherability. 
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Description 

BACKGROUND OF THE INVENTION 

5 This invention relates to a binder composition and an aqueous coating composition comprising the binder compo- 

sition as a binder component. More particularly, it relates to a binder composition which is added to an aqueous coating 
composition to impart water resistance, heat resistance and weather resistance and is stable even in an alkaline region. 

Prior Art 

10 

In conjunction with the recent increasing public concern about environment protection, active research works have 
been made to substitute aqueous systems for solvent system paint and coating compositions. Aqueous systems have 
a number of benefits including safe operation and the elimination of the hazards of air pollution, explosion and fire 
evoked by the volatilization of solvents. 

is Additives are often added to such compositions for imparting water resistance, heat resistance and weatherability 

thereto. In order that additives be used in aqueous systems wherein water accounts for the majority of diluent, the 
additives must be soluble in water. Typical additives are silicone compounds and when used in solvent systems, they 
are effective for imparting water resistance, heat resistance and weatherability. However, few silicone compounds are 
stable in water and if any, they are just slightly stable under weakly acidic conditions and lose stability if the system 

20 turns alkaline. 

As a solution to such problems, JP-A 279678/1 994 proposes an aqueous surface treating composition comprising 
a major component obtained by reacting an aminotrialkoxy-silane with an organic compound capable of reacting with 
the amino group, hydrolyzing the reaction product, and optionally further reacting the hydrolyzed product with an or- 
ganometallic compound such as a tetraalkoxysilane. The major component, however, is less water soluble since the 

25 amino group which largely governs water solubility has been reacted with an organic group. To compensate for the 
loss of water solubility, an anionic surfactant is added to the treating composition as a stabilizer When the composition 
is used as a binder, the inclusion of an anionic surfactant can exacerbate some properties such as water resistance 
and heat resistance. Additionally, the treating composition is not so stable over a long period of storage and is unstable 
in an alkaline region. For these reasons, the composition is not adequate as a binder 

30 On outdoor applications, silicone coatings on substrates do not prevent the substrate surface from being discolored 

or degraded in a substantial sense since silicone compounds as such cannot block or absorb sunlight. 

USP 4,395,461 proposes to impart improved weatherability to a polycarbonate substrate by (1 ) treating a polycar- 
bonate substrate with a solution of the hydrolysis product of a silylated organic UV screen and curing the applied 
hydrolyzate on the treated substrate and (2) applying a silicone hardcoat composition onto the treated polycarbonate 

35 substrate and thereafter heating the resulting composite until the applied hardcoat composition is cured. This method, 
however, uses an organic solvent and requires two layer coating. JP-A 291 667/1 996 discloses to impart weatherability 
and durability to a substrate by treating a substrate surface with a silicone primer coating solution containing a UV 
absorber and further forming a topcoat of a silicone hardcoat composition. This method also uses an organic solvent 
and requires two layer coating. Further, JP-A 279678/1 994 discloses an alcohol/water base UV-resistant coating com- 

40 position obtained by the hydrolysis of an alkoxysilane and a hydroxy group-containing organic U V absorber The organic 
U Vabsorber in this composition is bonded through a SiOC linkage which is susceptible to hydrolysis and lacks durability 
The general aim herein is to provide new and useful binder compositions, aqueous coating compositions containing 
them, the use of the latter for coating and coated articles so obtained. 

A preferred aim is to provide a binder composition which can effectively impart water resistance, weatherability 

45 and heat resistance to aqueous coating compositions and which is stable in an alkaline region. 

Another preferred aim is to provide an aqueous coating composition comprising the binder composition as a binder 
component and especially, such an aqueous coating composition further comprising a water-dispersible or soluble 
compound having a UV absorbing function so that the composition may form a UV screen. 

We have found that a binder composition which is stable in an aqueous solution, especially in an alkaline aqueous 

50 solution and which can impart water resistance, heat resistance and weatherability to aqueous coating compositions 
can be obtained by hydrolyzing a mixture of (A) 100 parts by weight of a nitrogenous organic group-containing hydro- 
lyzable silane represent d by the following formula (1) or a partial hydrolyzate thereof: 



55 YR^SiR 2 ^ (1) 

wherein R 1 is a substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 carbon atoms, RP is an alkoxy 
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or acyloxy group having 1 to 4 carbon atoms, Y is a nitrogenous organic group, and letter m is equal to 0 or 1 and (B) 
5 to 200 parts by weight of a hydrolyzable silane represented by the following formula (2) or a partial hydrolyzate thereof: 

"".art 4 *, < 2 > 

wherein R 3 is a substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 carbon atoms, R 4 is an alkoxy 
or acyloxy group having 1 to 4 carbon atoms, and letter n is equal to 0, 1 or 2 in water or an organic solvent containing 
a sufficient amount of water for hydrolysis. 

10 We have further found that an aqueous coating composition comprising the above-mentioned binder composition 

as a binder component, especially further comprising a compound having a ultraviolet absorbing function reduces the 
risks of toxicity and air pollution because it can be used in an aqueous system, and it is curable at room temperature 
and stable over a long period of storage. When a substrate is surface treated with the aqueous coating solution, there 
is formed a protective coating which can impart water resistance, heat resistance and weatherability to the substrate 

15 and prevent the substrate from being discolored and degraded upon exposure to UV radiation. 

Accordingly, the present invention in a first aspect provides a binder composition comprising water and an organic 
silicon compound obtained by hydrolyzing (A) 100 parts by weight of a nitrogenous organic group-containing hydro- 
lyzable silane of formula (1 ) or a partial hydrolyzate thereof and (B) 5 to 200 parts by weight of a hydrolyzable silane 
of formula (2) or a partial hydrolyzate thereof. In a second aspect, the invention provides an aqueous coating compo- 

20 sition comprising the binder composition as a binder component and optionally, a water-dispersible or soluble com- 
pound having a ultraviolet absorbing function. Also contemplated herein is an article having a coating of the aqueous 
coating composition formed on its surface, and a method of coating an article using such a composition. 

According to the invention, the binder composition is defined as comprising an organic silicon compound dissolved 
in water. Component (A) which is used to produce the organic silicon compound is a nitrogenous organic group-con- 

25 taining hydrolyzable silane of formula (1). This component is used to render the system water soluble. One or mor 
members may be selected from such silanes so as to impart water solubility to the organic silicon compound. A partial 
hydrolyzate of the silane is also useful. 

so YR 1 m SiR 2 3^ (1) 

In formula (1 ), R 1 is a substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 carbon atoms and 
free of a nitrogen atom, for example, alkyl, alkenyl, aryl and aralkyl groups, and substituted ones thereof wherein some 
or all of the hydrogen atoms are replaced by halogen atoms, preferably fluorine atoms. Illustrative examples include 
3S -CH 3 , -CH 2 CH 3 , -CH 2 CH 2 CH 3 , -CH(CH 3 ) 2 , -CH 2 CH 2 CH 2 CH 3 , -CH(CH 3 )CH 2 CH 3 , -CH 2 CH(CH 3 )CH 3 , -C(CH 3 ) 3> 
-C 6 H 5 , -C 6 H 13 , -CF 3 , -CH 2 CF 3 , -CH 2 CH 2 CF 3 , -CH 2 CH 2 CH 2 CF 3 , -CCI 3> -CHCI 2 , -CH 2 CI, -CH 2 CCI 3 , -CH 2 CH 2 CCI 3 and 
CH(CCI 3 ) 2 . 

R 2 is an alkoxy or acyloxy group having 1 to 4 carbon atoms, for example, -OCHj, -OCH 2 CH 3 , -OCH 2 CH 2 CH 3 , 
-OCH(CH 3 ) 2 , -OCH 2 CH 2 CH 2 CH 3 , -CH(CH 3 )CH 2 CH 3 , -OCH 2 CH(CH 3 )CH 3 , -OC(CH 3 ) 3 , OCOCH 3 , and 
40 -OCOCH 2 CH 3 , with the -OCH 3 and -OC 2 H 5 being preferred. 

Y is a nitrogenous organic group, e.g. containing one or more amine moieties, e.g. groups of the following formulae 
(3) to (6). 

^/N-TOp-R 1 - ... (3) 



so 



R* ■ R 10 ^N*-(R 7 NH)„-R»- , 4 . 



55 
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6- 



(RTMHJp-R 8 - 

... (5) 



0 R 11 



1S 



In the formulae, R 5 , R 6 , R 9 to R 13 each are hydrogen or a monovalent hydrocarbon group having 1 to 8 carbon 
atoms. R 5 and R 6 ; R 9 , R 10 and R 11 ; and R 12 and R 13 may be identical with or different from each other. R is a halogen 
atom. Each of R 7 and R 8 , which may be identical or different, is a divalent hydrocarbon group having 1 to 8 carbon 

20 atoms. Letter p is 0 or an integer of 1 to 3. The monovalent hydrocarbon groups of 1 to 8 carbon atoms are the same 
as described for R 1 . The divalent hydrocarbon group of 1 to 8 carbon atoms are alkylene groups, for example. 

Illustrative examples of Y are given below. 
H 2 NCH 2 -, H (CH 3 )NCH 2 -, H 2 NCH 2 CH 2 -, H (CH 3 )NCH 2 CH 2 -, H 2 NCH 2 CH 2 CH 2 -,H (CH 3 )NCH 2 CH 2 CH 2 -, (CH 3 ) 2 NCH 2 
CH 2 CH 2 -, H 2 NCH 2 CH 2 HNCH 2 CH 2 CH 2 -, H (CH 3 )NCH 2 CH 2 HNCH 2 CH 2 CH 2 -, (CH 3 )2NCH 2 CH 2 HNCH 2 CH 2 CH 2 -, 

25 H 2 NCH 2 CH Z HNCH 2 CH 2 HNCH 2 CH 2 CH 2 -, H (CH 3 )NCH 2 CH 2 HNCH 2 CH 2 HNCH 2 CH 2 CH 2 -, Cf(CH 3 ) 3 N + CH 2 CH 2 CH 2 -, 
ChfCH^tCeHg-CH^N+CH^^C^-, 



30 



o 1 o o 

(^NCH z- . ^%CH 2 CH 2 - . [^CI-UCHaCIIz- . 



35 



OH OH 
II ll I 

CHaOC-NCH*- . CHjOC-NCHeCHz- . 

40 



45 



SO 



55 



OH oh 

D I II I 

CHjOC-NCHzCHzCHz- , CHjC-NCHz- 



0 H OH 
D I II I 

CHjC-NCHzCH:- , CH3C-NCH 2 CH 2 CH 2 - 



Among these, the following groups are pr f rred. 
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H 2 NCH 2 CH 2 HNCH 2 CH 2 CH2-, 




NCHzCH 2 CH 2 - . 



B I 

CHaOC-NCH^CI^CHz- 



Letter m is equal to 0 or 1 . 

Illustrative examples of the nitrogenous organic group-containing hydrolyzable silane of formula (1 ) are given be- 
low. 

H 2 NCH 2 Si(OH 3 ) 3 , H 2 NCH 2 Si(OCH 2 CH 3 ) 3 , H 2 NCH 2 SiCH 3 (OH 3 ) 2 , H 2 NCH 2 SiOH 3 (OCH 2 CH 3 ) 2 , H 2 NCH 2 CH 2 Si 
(OCH 3 ) 3 , H 2 NCH 2 CH 2 Si(OCH 2 CH 3 ) 3 , H^CH^H^iCH^OCH^, H 2 NCH 2 CH 2 SiCH 3 (OCH 2 CH 3 ) 2 , H 2 NCH 2 CH 2 
CH 2 Si(OCH 3 ) 3 , HaNCHaC^CHgSipCHaCH^, H 2 NCH 2 CH 2 CH 2 SiCH 3 (OCH 3 ) 2 , H 2 NCH 2 CH 2 CH 2 SiCH 3 (OCH 2 
CH 3 ) 2 , H (CH 3 )NCH 2 CH 2 CH 2 Si(OCH 3 ) 3 , H(CH 3 )NCH 2 CH 2 CH 2 Si(OCH 2 CH 3 ) 3 , H(CH 3 )NCH 2 CH 2 CH 2 SiCH 3 (OCH 3 ) 2 , 
H(CH 3 )NCH 2 CH 2 CH 2 SiCH 3 (OCH 2 CH 3 ) 2 , (CH 3 ) 2 NCH 2 CH 2 CH 2 Si(OCH 3 ) 3 , (CH 3 ) 2 NCH 2 CH 2 CH 2 Si(OCH 2 CH 3 ) 3 , Ch 
(CH 3 ) 3 N + CH 2 CH 2 CH 2 Si(OCH 3 ) 3) C|-(CH 3 ) 3 N + CH 2 CH 2 CH 2 Si(OCH 2 CH 3 ) 3 , CKCH^fCeHs-CH^N^CH^HgCHgSi 
(OCH 3 ) 3 , CI-tC^^fCgHs-CH^N+CH^H^HgSi^H^H^ 3 , H 2 NCH 2 CH 2 HNCH 2 CH 2 CH 2 Si(OCH 3 ) 3> H 2 NCH 2 CH 2 
HNCH 2 CH 2 CH 2 Si(OCH 2 CH 3 ) 3> HaNC^CHgHNCH^HaCHgSiO^pC^fe, H 2 NCH 2 CH 2 HNCH 2 CH 2 CH 2 SiCH 3 
(OCH 2 CH 3 ) 2 , H 2 NCH 2 CH 2 HNCH 2 CH 2 HNCH 2 CH 2 CH2Si(CX;H 3 ) 3j H 2 NCH 2 CH 2 HNCH 2 CH 2 HNCH 2 CH 2 CH 2 Si 
(OCH 2 CH 3 ) 3 , H 2 NCH 2 CH 2 HNCH 2 CH 2 HNCH 2 CH 2 CH 2 SiCH 3 (OCH 3 )2, H 2 NCH 2 CH 2 HNCH 2 CH 2 HNCH 2 CH 2 CH 2 
SiCH 3 (OCH 2 CH 3 ) 2 , 




3 . 



o 




NCH 2 CH 2 CH 2 Si(OCH 2 CH3)a . 




f 2 . 



EP 0 819 744 A2 

0 

NCHzCHiCH^OWOCHzCH,)* , 




0 H 

CHaOC-I^CHzCHzCHiSKOCHj), , 



0 H 

CHsOC-NCHzCHzCHiSUOCHjCHa), , 



O H 

CHjOC-NCftCI^CHjSiCHsCOCHa), . 



O H 

CHaOC-NCHzCaCHzSiCKUWHzCHjJz 



0 H 

CHaC-NC&CHzCHxSiCOCHa), . 



O H 

OtC-NCHzCHiCHtSiCOCH^Ha), . 



0 H 

1 I 

CHaC-NCftCHzCftCHiSKOCHa), . 
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CH3C-NCH 2 CH 2 CHzCH,Si(OCH z CH3) 3 

5 

Preferred among these are H 2 NCH 2 CH 2 HNCH 2 CH 2 CH 2 Si(OCH 3 )3 and H 2 NCH 2 CH 2 HNCH 2 CH 2 CH2Si 
(OCH 2 CH 3 ) 3 . Partial hydrolyzates of the compounds are also useful. 

Component (B) which is used in admixture with the hydrolyzable silane (A) or partial hydrolyzate thereof is a 
10 hydrolyzable silane (B) of the following formula (2). One or more members may be selected from such silanes. A partial 
hydrolyzate of the silane is also useful. 

P? n SM\ n (2) 

15 

R 3 is a substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 carbon atoms and free of a 
nitrogen atom, which is as defined for R 1 , for example, alkyl, alkenyl, aryl and aralkyl groups, and substituted ones 
thereof wherein some or all of the hydrogen atoms are replaced by halogen atoms, preferably fluorine atoms. I llustrative 
examples include -CH 3 , -CH 2 CH 3 , -CH 2 CH 2 CH 3 , -CH(CH 3 ) 2 , -CH 2 CH 2 CH 2 CH 3 , -CH(CH 3 )CH 2 CH 3 , -CH 2 CH(CH 3 ) 
20 CH 3 , -C(CH 3 ) 3 , -C 6 H 5 , -C 6 H 13 , -CF 3 , -CH 2 CF 3 , -CH 2 CH 2 CF 3 , -CH 2 CH 2 CH 2 CF 3 , -CCI 3 , -CHCfe, -CH 2 CI, -CH 2 CCI 3 , 
-CH 2 CH 2 CCI 3 and CH(CCI 3 ) 2 . 

R 4 is an alkoxy or acyloxy group having 1 to 4 carbon atoms, for example, -OCHj, -OCH 2 CH 3> -OCH 2 CH 2 CH 3 , 
-OCH(CH 3 ) 2 , -OCH 2 CH 2 CH 2 CH 3 , -CH(CH 3 )CH 2 CH 3 , -OCH 2 CH(CH 3 )CH 3 , -OC(CH 3 ) 3 , -OCOCH 3 , and 
-OCOCH 2 CH 3 , with the -OCH 3 and -OC 2 H 5 being preferred. 
25 Letter n is equal to 0, 1 or 2. 

Illustrative examples of the hydrolyzable silane of formula (2) are given below. 
Si(OCH 3 ) 4 , Si(OCH 2 CH 3 ) 4 , Si(OCH 2 CH 2 CH 3 ) 4 , Si(OCH 2 CH 2 CH 2 CH 3 ) 4 , CH 3 Si(OCH 3 ) 3 , CH 3 Si(OCH 2 CH 3 ) 3 , CH 3 Si 
(OCH 2 CH 2 CH 3 ) 3 , CH 3 Si(OCH 2 CH 2 CH 2 CH 3 ) 3 , (CH 3 ) 2 Si(OCH 3 ) 2 , (CH 3 )2Si(OCH 2 CH 3 ) 2 , (CHakSKOC^CHgCH^, 
(CH 3 ) 2 Si(OCH 2 CH 2 CH 2 CH 3 ) 2 , 

30 

0 o o 

1 I I 

35 Si(GCCHa)< , CHStfOCCHa), , (CHJiSiCOCCHJz 

Preferred among these are Si(OCH 3 ) 4 and Si(OCH 2 CH 3 ) 4 and partial hydrolyzates thereof. 
40 Upon hydrolysis, 1 00 parts by weight of a nitrogenous organic group-containing hydrolyzable silane of formula (1 ) 

or a partial hydrolyzate thereof (A) is mixed with 5 to 200 parts by weight, preferably 10 to 150 parts by weight of a 
hydrolyzable silane of formula (2) or a partial hydrolyzate thereof (B). If the amount of silane (B) exceeds 200 parts, 
the resulting hydrolyzate becomes less stable in an alkaline region. 

When a mixture of hydrolyzable silanes or partial hydrolyzates (A) and (B) is hydrolyzed in a solvent to produce 
45 an organic silicon compound which is a base of the binder composition of the invention, the solvent used is mainly 
water If desired, organic solvents miscible with water such as alcohols, esters, ketones and glycols are added to water. 
Illustrative examples of the organic solvent include alcohols such as methyl alcohol, ethyl alcohol, 1 -propyl alcohol, 
and 2-propyl alcohol; esters such as methyl acetate, ethyl acetate, and ethyl acetoacetate; ketones such as acetone 
and methyl ethyl ketone; and glycols such as glycerin and diethylene glycol. 
50 The amount of the solvent used is preferably 400 to 5,000 parts by weight, more preferably 1 ,000 to 3,000 parts 

by weight per 100 parts by weight of the silane reactants. Less than 400 parts of the solvent would allow for excessive 
progress of reaction, resulting in a heterogeneous system which is less stable during storage. More than 5,000 parts 
of the solvent would be uneconomical. 

Water is pres nt in the solvent, preferably giving molar ratio of water/silane reactants of 5/1 to 50/1 . If this molar 
55 ratio is less than 5/1 , hydrolysis may not fully proceed, som times exacerbating the stability of the system. A molar 
ratio in excess of 50/1 may b uneconomical. 

Several r action procedures can be employ d. Method (1 ) is by adding dropwis a mixture of silanes to wat r or 
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an organic solvent containing at least a necessary amount of water for hydrolysis. Method (2) is by adding dropwise 
water to a mixture of silanes in the presence or absence of an organic solvent. Method (3) is by first adding dropwise 
a hydrolyzable silane or partial hydrolyzate (B) to water or an organic solvent containing at least a necessary amount 
of water for hydrolysis and thereafter, adding dropwise a nitrogenous organic group-containing hydrolyzable silane or 

s partial hydrolyzate (A) thereto. Method (4) is by first adding dropwise a nitrogenous organic group-containing hydro- 
lyzable silane or partial hydrolyzate (A) to water or an organic solvent containing at least a necessary amount of water 
for hydrolysis and thereafter, adding dropwise a hydrolyzable silane or partial hydrolyzate (B) thereto. Method (1) is 
especially preferred because a more stable binder composition is obtained. 

The hydrolyzate or organic silicon compound is obtained in the form of an aqueous solution. By adding or removing 

to water, if necessary, a desired aqueous binder composition is formed wherein about 1 0 to about 2,000 parts, especially 
about 10 to about 1 ,000 parts by weight of water is present per 100 parts by weight of the organic silicon compound. 
If the amount of water is less than 10 parts by weight, the organic silicon compound itself may be less shelf stable. If 
the amount of water is more than 2,000 parts by weight, the binder composition must be added in a larger amount with 
an economical disadvantage. 

is Quite advantageously, the thus obtained aqueous binder composition is shelf stable and can be kept stable even 

when added as an additive to an aqueous coating composition in an alkaline region. Additionally, the binder composition 
can impart water resistance, heat resistance and weatherability. 

The invention is also directed to an aqueous coating composition comprising the above-mentioned binder com- 
position as a binder component. The coating composition preferably contains 100 to 5,000 parts by weight of water 

20 per 100 parts by weight of the water-soluble organic silicon compound. 

The coating composition can be applied to a variety of articles to impart water resistance, heat resistance and 
weatherability thereto. The coating composition is thus useful as a paint composition. In this regard, a water-dispersible 
or soluble compound having a ultraviolet absorbing function is preferably added to the coating composition to convert 
it into a UV screen aqueous coating composition. 

25 Any desired UV screen compound may be used as long as it is dispersible or soluble in water, capable of absorbing 

radiation in the wavelength range of shorter than 400 nm, and compatible with the organic silicon compound. For 
example, water-dispersible inorganic compounds having a UV absorbing function include microparticulate inorganic 
oxide sols containing at least one element selected from titanium, cerium, and zinc and microparticulate composite 
oxide sols, with titanium and cerium sols being preferred, especially those stable in an alkaline region. Such oxide 

30 particles coated with silica or the like are also useful from the standpoint of further increasing stability Water-dispersibl 
or water-soluble organic UV absorbing agent including benzophenone, benzotriazole, triazine and cyanoacrylate UV 
absorbing agents also can be used. For example, benzophenone compounds modified with sulfonic acid or sodium 
sulfonate such as 2-hydroxy-4-methoxybenzophenone-5-sulfonic acid and sodium salt of 2-hydroxy-4-methoxybenz- 
ophenone-5-sulfonic acid, and water-dispersible condensates of benzotriazole compounds and polyethyleneglycol 

35 such as condensates of methyl-3-[3-t-butyl-5-(2H-benzotoriazole-2-yl)-4-hydroxyphenyl]propionate and polyethylen 
glycol may be used. Preferred water-dispersible organic compounds having a UV absorbing function include alkali 
metal salts (e.g., sodium salt) of 2-hydroxy-4-methoxybenzophenone-5-sulfonic acid. 

Further useful UV screen compounds are acrylic copolymers containing a UV absorbing group, for example, water- 
soluble acrylic copolymers which are obtained by effecting radical copolymerization of a polymerizable vinyl monomer 

40 having a carboxyl group, a polymerizable vinyl monomer having a UV absorbing group, and another polymerizabl 
vinyl monomer to produce a graft copolymer having an acid value of 100 to 400 KOH mg/g and reacting the graft 
copolymer with a base. 

In the manufacture of water-soluble acrylic copolymers, the polymerizable vinyl monomer having a carboxyl group 
is exemplified by acrylic acid, methacrylic acid, crotonic acid, maleic acid, and f umaric acid and used in such an amount 
45 to give an acid value of 100 to 400 KOH mg/g, preferably about 10 to 50 parts by weight per 100 parts by weight of 
the entire polymerizable monomers. With an acid value of less than 100 KOH mg/g, the copolymers obtained after 
neutralization with a base would become water insoluble. With an acid value of more than 400 KOH mg/g, the copol- 
ymers would become too thick to work with. The polymerizable vinyl monomers having a UV absorbing group include 
benzophenone and benzotriazole compounds as shown below though not limited thereto. 

so 



O OH 



55 
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0 OH 




CAOOCCH-CH* 



OH 




The polymerizable vinyl monomer having a UV absorbing group is preferably used in an amount of about 10 to 40 
parts by weight per 100 parts by weight of the entire polymerizable vinyl monomers. With more than 40 parts of the 
UV absorbing group-containing vinyl monomer, the copolymers obtained after neutralization with a base would becom 
water insoluble. With less than 10 parts of the UV absorbing group-containing vinyl monomer, the copolymers would 
absorb less UV 

Examples of the other polymerizable vinyl monomer include (meth)acrylates such as methyl (meth)acrylate, ethyl 
(meth)acrylate, propyl (meth)acrylate, butyl (meth)acrylate, isobutyl (meth)acrylate, t-butyl (meth)acrylate, pentyl 
(meth)acrylate, hexyl (meth)acrylate, octyl (meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, behenyl (meth) 
acrylate, phenyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, polyalkylene glycol (meth)acrylate, glycidyl (meth)acr- 
ylate, diethylaminoethyl (meth)acrylate, and perfluoroalkyl (meth)acrylate; aromatic compounds such as styrene and 
a-methylstyrene; and vinyl acetate, N-methylol (meth)acrylamide, and vinyl pyrrolidone. The other polymerizable vinyl 
monomer is preferably used in an amount of about 10 to 50 parts by weight per 100 parts by weight of the entire 
polymerizable vinyl monomers. 

The radical polymerization to form the copolymer may be performed by well-known techniques as by using radical 
polymerization initiators. Solution polymerization using an organic solvent is preferred since the adjustment of a mo- 
lecular weight is easy. The solvents used in solution polymerization include ketones such as acetone, methyl ketone, 
and methyl isobutyl ketone; esters such as ethyl acetate and butyl acetate; aromatic hydrocarbons such as benzene, 
xylene, and toluene; aliphatic hydrocarbons such as cyclohexane, hexane, and heptane; alcohols such as methanol, 
ethanol, isopropanol, methyl cellosolve, ethyl cellosolve, ethylene glycol, and propylene glycol; tetrahydrofuran, diox- 
ane, and dimethylformamide. Since the organic solvent must be removed after neutralization with a base, water miscible 
low-boiling alcohols and acetone are preferred. 

The radical polymerization initiators used herein include well-known ones, for example, peroxy ketals such as 
2,2-bis(t-butylperoxy)octane, hydroperoxides such as cumenehydroxyperoxide, dialkylperoxides such as t-butyl- 
cumylperoxide, diacylperoxides such as benzoyl peroxide, and azo compounds such as 2,2-azobisisobutyronitrile. 
Chain transfer agents may be used for adjusting the molecular weight and viscosity For example, mercaptoacetic acid, 
m rcaptopropionic acid, 2-propanethiol, and 1-butanethiol are included. 

Radical polymerization conditions includ a t mperature of about 50 to 150°C, pr f rably about 50 to 100°C and 
a time of about 3 to 30 hours, preferably about 5 to 10 hours. 

A base is added to the thus obtained copolym r solution to obtain a water-soluble polymer wherein some or all of 
the carboxyl groups are neutralized. Examples of the base used include alkali metal bases such as sodium hydroxide 
and potassium hydroxid ; primary, s condary and tertiary amine compounds such as ammonia, triethylamine, trib- 
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utylamine, diethylamine, and monoethanol amin ; and heterocyclic compounds such as pyridine and piperidine. The 
base is used in an amount of at least 0.4 mol per mol of the carboxyl group because less amounts of the bas are 
insufficient to render the copolymer water soluble. 

The water-dispersible or soluble compound having a UV absorbing function may be in amounts of about 10 to 300 
s parts, preferably about 50 to 200 parts by weight per 1 00 parts by weight of the water-soluble organic silicon compound. 
Compositions with less than 10 parts of the UV screen compound are less UV absorptive whereas compositions with 
more than 300 parts of the UV screen compound would form coatings which are less resistant to water. 

As mentioned, the preferred amount of water blended in the coating composition is about 100 to 5,000 parts by 
weight, preferably about 500 to 2,000 parts by weight per 1 00 parts by weight of the organic silicon compound. Coating 
10 compositions with less than 100 parts of water may be less shelf stable whereas coating compositions with more than 
5,000 parts of water may form thin coatings which are less resistant to heat. 

If desired, antioxidants, antistatic agents, defoamers and leveling agents may be added to the coating composition 
according to the invention. 

The coating composition may be applied by conventional techniques such as spraying, brush coating, roll coaters, 
is and bar coaters. 

Articles to be coated with the coating composition according to the invention include rubber, plastics (e.g., plastic 
parts and plastic film), metals, ceramics, glass, wood, paper and printed matter. 

EXAMPLE 

20 

Examples of the invention are given below by way of illustration and not by way of limitation. 
Synthesis Example 1 

25 a 200-ml reactor equipped with a stirrer, thermometer and condenser was charged with 120 grams (6.67 mol) of 

water. With stirring at room temperature, a mixture of 44.4 grams (0.2 mol) of H2NCH2CH2HNCH 2 CH 2 CH2Si(OCH3)3 
and 15.2 grams (0.1 mol) of Si(OCH 3 ) 4 was added dropwise over 10 minutes whereupon the internal temperature rose 
from 25°C to 56°C. The reaction solution was further heated at 60 to 70°C with an oil bath and stirred at the temperature 
for one hour. An ester adapter was attached to the reactor, which was heated to an internal temperature of 98°C 

30 whereby the methanol by-product was removed. There was obtained 137 grams of an aqueous binder composition 
which had a nonvolatile content of 27.3% when heated at 105°C for 3 hours. 

Synthesis Example 2 

35 A 200-ml reactor equipped with a stirrer, thermometer and condenser was charged with 120 grams (6.67 mol) of 

water. With stirring at room temperature, a mixture of 55.6 grams (0.25 mol) of H 2 NCH 2 CH 2 HNCH 2 CH 2 CH 2 Si(OCH3)3 
and 7.6 grams (0.05 mol) of Si(OCH 3 ) 4 was added dropwise over 10 minutes whereupon the internal temperature rose 
from 27 D C to 51 °C. The reaction solution was further heated at 60 to 70 D C with an oil bath and stirred at the temperature 
for one hour. An ester adapter was attached to the reactor, which was heated to an internal temperature of 98°C 

40 whereby the methanol by-product was removed. There was obtained 132 grams of an aqueous binder composition 
which had a nonvolatile content of 31 .1% when heated at 105°C for 3 hours. 

Synthesis Example 3 

45 A 200-ml reactor equipped with a stirrer, thermometer and condenser was charged with 120 grams (6.67 mol) of 

water. With stirring at room temperature, a mixture of 33.3 grams (0.15 mol) of H 2 NCH 2 CH 2 HNCH 2 CH 2 CH 2 Si(OCH 3 ) 3 
and 22.8 grams (0.15 mol) of Si(OCH 3 ) 4 was added dropwise over 10 minutes whereupon the internal temperature 
rose from 25°C to 53°C. The reaction solution was further heated at 60 to 70°C with an oil bath and stirred at th 
temperature for one hour. An ester adapter was attached to the reactor, which was heated to an internal temperature 

so of 98°C whereby the methanol by-product was removed. There was obtained 117 grams of an aqueous binder com- 
position which had a nonvolatile content of 27.5% when heated at 105°C for 3 hours. 

Synthesis Example 4 

ss A 200-ml reactor equipped with a stirrer, thermometer and condenser was charged with 1 20 grams (6.67 mol) of 

water. With stirring at room temp rature, a mixtur of 53.1 grams (0.2 mol) of 
H 2 NCH 2 CH 2 HNCH 2 CH 2 HNCH 2 CH 2 CH 2 Si(OCH 3 ) 3 and 15.2 grams (0.1 mol) of Si(OCH 3 ) 4 was added dropwise over 
10 minut s whereupon th internal temperature ros from 28°C to 55°C. The reaction solution was further heated at 
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60 to 70°C with an oil bath and stirred at the temperature for one hour. An ester adapter was attached to the reactor, 
which was heat d to an internal temperature of 98°C whereby the methanol by-product was removed. There was 
obtained 1 52 grams of an aqueous binder composition which had a nonvolatile content of 29.2% when heated at 105°C 
for 3 hours. 

5 

Synthesis Example 5 

A 200-ml reactor equipped with a stirrer, thermometer and condenser was charged with 120 grams (6.67 mol) of 
water. With stirring at room temperature, a mixture of 44.4 grams (0.2 mol) of H2NCH 2 CH2HNCH2CH 2 CH 2 Si(OCH3)3 
10 and 1 3.6 grams (0. 1 mol) of CH 3 Si(OCH 3 ) 3 was added dropwise over 1 0 minutes whereupon the internal temperatur 
rose from 26°C to 44°C. The reaction solution was further heated at 60 to 70°C with an oil bath and stirred at the 
temperature for one hour. An ester adapter was attached to the reactor, which was heated to an internal temperatur 
of 98°C whereby the methanol by-product was removed. There was obtained 153 grams of an aqueous binder com- 
position which had a nonvolatile content of 25 0% when heated at 105°C for 3 hours. 

75 

Synthesis Example 6 

A 200-ml reactor equipped with a stirrer, thermometer and condenser was charged with 100 grams (0.45 mol) of 
H 2 NCH 2 CH 2 HNCH 2 CH 2 CH 2 Si(OCH3) 3 and 34.2 grams (0.23 mol) of Si(OCH 3 ) 4 . With stirring at room temperature, 
20 50.4 grams (2.8 mol) of water was added dropwise whereupon the internal temperature rose from 23°C to 73°C. The 
reaction solution was further stirred at the temperature for one hour. There was obtained 181 grams of an aqueous 
binder composition which had a nonvolatile content of 45.7% when heated at 105°C for 3 hours. 

Synthesis Example 7 

25 

A 200-ml reactor equipped with a stirrer, thermometer and condenser was charged with 120 grams (6.67 mol) of 
water With stirring at room temperature, 44.4 grams (0.2 mol) of H 2 NCH 2 CH 2 HNCH 2 CH 2 CH 2 Si(OCH 3 ) 3 was added 
dropwise over 10 minutes whereupon the internal temperature rose from 25°C to 54°C. Stirring was continued for a 
further 30 minutes and 15.2 grams (0.1 mol) of Si(OCH 3 ) 4 was added dropwise. After the completion of addition, the 
30 reaction solution was heated at 60 to 70°C with an oil bath and stirred at the temperature for one hour. An ester adapter 
was attached to the reactor, which was heated to an internal temperature of 98°C whereby the methanol by-product 
was removed. There was obtained 136 grams of an aqueous binder composition which had a nonvolatile content of 
27.7% when heated at 105°C for 3 hours. 

35 Synthesis Example 8 

A 200-ml reactor equipped with a stirrer, thermometer and condenser was charged with 120 grams (6.67 mol) of 
water. With stirring at room temperature, 66.6 grams (0.3 mol) of H^NCHgCHgHNCH^HaCH^ifOCH^ was added 
dropwise over 10 minutes whereupon the internal temperature rose from 27°C to 50°C. The reaction solution was 
40 further heated at 60 to 70°C with an oil bath and stirred at the temperature for one hour. An ester adapter was attached 
to the reactor, which was heated to an internal temperature of 98°C whereby the methanol by-product was removed. 
There was obtained 155.2 grams of an aqueous binder composition which had a nonvolatile content of 30.4% when 
heated at 105°C for 3 hours. 

45 Synthesis Example 9 

A 200-ml reactor equipped with a stirrer, thermometer and condenser was charged with 100 grams (0.45 mol) of 
H 2 NCH 2 CH 2 HNCH 2 CH 2 CH 2 Si(OCH 3 ) 3 . With stirring at room temperature, 12.2 grams (0.68 mol) of water was added 
dropwise over 8 minutes whereupon the internal temperature rose from 22°C to 71 °C. The reaction solution was further 
so stirred at the temperature for one hour. There was obtained a solution of an organic silicon compound which had a 
nonvolatile content of 56.6% when heated at 105°C for 3 hours. This solution thickened and gelled in 3 months. 

Examples 1-7 

55 By diluting the binder compositions obtained in Synthesis Examples 1 to 7 with water, there were pr pared coating 

compositions containing the organic silicon compound component in a concentration of 5%, 10% and 20% by weight. 
The coating compositions were observed for stability at room temperature. All the compositions were found stable. 
The coating compositions were applied to sheets of pap randdri din air at room t mperature.Th coatings were 
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examined for water resistance, heat resistance and weatherability. For testing purposes, dyes Chlorazole Black and 
Acid Yellow 23 (manufactured by Tokyo Chemicals K.K.) each were added to the coating compositions in a concen- 
tration of 4% (with the coating compositions kept at pH 9.3 and pH 8.0, respectively). Water resistance was examined 
by dropping a water droplet onto the coating and observing whether the underlying paper was contaminated as by 
5 oozing. Heat resistance was examined by keeping the coated paper in a dryer at 1 50°C for 1 0 minutes and observing 
discoloration and fading. Weatherability was examined by placing th coated paper in a poly thylene bag, exposing it 
to sunlight for one month as an outdoor test, and observing discoloration and fading. The test results of the Chlorazole 
Black added samples are shown in Table 1 and the test results of the Acid Yellow 23 added samples are shown in 
Table 2. 

10 

Comparative Examples 1-3 

Using an aqueous dye solution free of a binder and the organic silicon compound components obtained in Synthesis 
Examples 8 and 9, the same procedure as in Examples was carried out. The test results of the Chlorazole Black and 
is Acid Yellow 23 added samples are shown in Tables 1 and 2, respectively. It is noted that the composition of Comparative 
Example 3 was stable for only one month whereas the composition of Comparative Example 2 was stable. 



Table 1 







Binder 


Concentration 


Water 


Heat resistance 


Weatnerabiiity 


20 
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O 






2 


SE2 


5 


O 


O 


A 










10 


O 


O 


O 










20 


O 


O 


O 


30 




3 


SE3 


5 


O 


O 


O 










10 


O 


O 


O 










20 


O 


O 


O 


35 




4 


SE4 


5 


A 


A-O 
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Table 1 (continued) 



10 





Binder 
composition 


Concentration 

(Wt%) 


Water 
resistance 


Heat resistance 


Weatherability 


Comparative 
Example 


1 






v 
A 


v 
X 


v 

A 


2 


SE8 


5 


V A 

A-A 


V A 

A-A 


V A 

A-A 


-t r\ 
10 


A 


V A 
A"A 


A 

A 


20 


A 


X-A 


A 


3 


SE9 


5 


X 


X 


X-A 


10 


X-A 


A 


A 


20 


A 


A 


A 


O: not discolored/faded and not stained 
A: somewhat discolored/faded and not stained 
X: discolored/faded and stained 



20 Table 2 
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composition 
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Table 2 (continued) 





Binder 
composition 


Concentration 

(Wl%) 


Water 
resistance 


Heat resistance 


Weatherability 


Comparative 


1 






X 


X 


v 

A 


Example 


2 


SE8 


5 


V A 

X-A 


X-A 


V A 








10 




X-A 


A 








20 


A 


A 


A 




3 


SE9 
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X 


X 


X 








10 


A 


X 


X-A 








20 


A 


A 


A 



15 

Reference Example 1 

A 500-ml reactor equipped with a stirrer, thermometer and condenser was charged with 15 grams of acrylic acid, 
20 grams of methyl methacrylate, 15 grams of 2-(2'-hydroxy-5'-methacryloxyethylphenyl)-2H-benzotriazole (Otsuka 

20 Chemical K.K., trade name RUNA-93), and 100 grams of acetone. They were mixed in a nitrogen atmosphere. To the 
mixture was added 0.5 gram of 2,2'nazobisisobutyronitrile. Reaction was conducted under acetone reflux for 10 hours, 
synthesizing an acrylic copolymer having an acid value of 230 KOH mg/g. To the reaction solution, 75 grams of 5% 
ammonia water was slowly added. Then 1 00 grams of water was added to the reaction solution, from which the acetone 
was distilled off at a temperature of 60°C under vacuum. There was obtained 220 grams of a pale yellow clear solution 

25 of a U V absorbing group-containing acrylic copolymer (nonvolatile content 23%). 

Reference Example 2 

A 500-ml reactor equipped with a stirrer, thermometer and condenser was charged with 15 grams of methacrylic 
30 acid, 27.5 grams of butyl acrylate, 7.5 grams of 2-(2 , -hydroxy-5'-methacryloxyethylphenyl)-2H-benzotriazole (Otsuka 
Chemical K.K., trade name RUNA-93), and 100 grams of isopropyl alcohol. They were mixed in a nitrogen atmosphere. 
To the mixture was added 0.5 gram of 2,2 , -azobisisobutyronitrile. Reaction was conducted under isopropyl alcohol 
reflux for 10 hours, synthesizing an acrylic copolymer having an acid value of 190 KOH mg/g. To the reaction solution, 
18 grams of triethylamine was slowly added. Then 180 grams of water was added to the reaction solution, from which 
35 the isopropyl alcohol was distilled off at a temperature of 60°C under vacuum. There was obtained 235 grams of a 
pale yellow clear solution of a UV absorbing group-containing acrylic copolymer (nonvolatile content 20%). 

Examples 8-22 & Comparative Examples 4-10 

40 Coating solutions as shown in Table 3 were prepared by blending a water-soluble organic silicon compound and 

a water-soluble or dispersible UV absorbing compound. The organic silicon compounds used were the products of 
Synthesis Examples 1, 3, and 5 (designated SE1, SE3, and SE5). The UV absorbing compounds used were sodium 
2-hydroxy-4-methoxybenzophenone-5-sulfonate (Shonan Chemical, ASL-24S), titanium oxide sol (10% aqueous so- 
lution), cerium oxide sol (10% aqueous solution), and the acrylic copolymers of Reference Examples 1 and 2 (desig- 
ns nated RE1 and RE2). 



Table 3 



55 





Composition (pbw) 


Water-soluble organic silicon compound 


Water-soluble or dispersible UV absorbing compound 




SE1 


SE3 


SE5 


ASL-24S 


Ti0 2 


Ce0 2 


RE1 


RE2 


Water 


E8 


100 
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1000 


E9 


100 








100 








1000 


E10 


100 










100 






1000 


E11 


100 












200 




1000 
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Table 3 (continued) 



10 



20 





Composition (pbw) 


Water-soluble organic silicon compound 


Water-solubl or dispersible UV absorbing compound 




SE1 


SE3 


SE5 


ASL-24S 


Ti0 2 


Ce0 2 


RE1 


RE2 


Water 


E12 
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- 
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100 


- 
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500 


E14 




100 


- 


- 


50 








500 


E15 


- 


100 


- 


- 


- 


10 






500 


E16 


- 


100 


- 


- 


- 


- 


50 




500 


E17 


- 


100 


- 


- 




- 
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Note that in Comparative Example 4 (CE4), no coating solution was applied and that the amounts of the compounds 

35 of SE1 , SE3, and SE5 and the polymers of RE1 and RE2 are calculated as solids. 

There were prepared aqueous solutions containing 4% by weight of dyes Chlorazole Black and Acid Yellow 23 
(manufactured by Tokyo Chemicals K.K.), respectively. The dye solution was brush coated to a sheet of paper and 
dried at room temperature. The coating solution shown in Table 3 was applied to the paper surface and dried at room 
temperature. The coated paper was examined for water resistance, heat resistance and weatherability. Water resist- 

40 ance was examined by dropping a water droplet onto the coating and observing the oozing of the underlying paper. 
Heat resistance was examined by keeping the coated paper in a dryer at 1 50°C and observing discoloration and fading. 
Weatherability was examined by placing the coated paper in a polyethylene bag, exposing it to sunlight for one month 
as an outdoor test, and observing discoloration and fading. The sample was rated on a three-point scale in terms of a 
color change and a degree thereof in comparison with a blank, that is, rated "O" for no change of color, "A" for some 

45 discoloration/fading, and "X" for serious discoloration/fading and undiscriminatable color. The test results are shown 
in Table 4. 



Table 4 
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Table 4 (continued) 





Chlorazole Black 


Acid Yellow 23 


Water 
resistance 


Heat 
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There have been described a binder composition comprising a specific organic silicon compound in water and an 
aqueous coating composition containing the same as a binder component, which are shelf stable, remain stable even 
in alkaline conditions, and impart water resistance, heat resistance and weatherabilrty to various substrates. 

Japanese Patent Application No. 207871/1996 is incorporated herein by reference. 

While the invention has been described in what are presently considered to be preferred embodiments, other 
variations and modifications will become apparent to those skilled in the art in view of the general teachings herein. 



Claims 



A binder composition comprising an organic silicon compound dissolved in water, said organic silicon compound 
being obtained by hydrolyzing (A) 100 parts by weight of a nitrogenous organic group-containing hydrolyzable 
silane represented by the following formula (1) or a partial hydrofyzate thereof: 

wherein R 1 is a substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 carbon atoms, R? is an 
alkoxy or acyloxy group having 1 to 4 carbon atoms, Y is a nitrogenous organic group, and letter m is equal to 0 
or 1 and (B) 5 to 200 parts by weight of a hydrolyzable silan represented by the following formula (2) or a partial 
hydrolyzate thereof: 



(2) 
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wherein R 3 is a substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 carbon atoms, R4 is an 
alkoxy or acyloxy group having 1 to 4 carbon atoms, and letter n is equal to 0, 1 or 2. 

2. A binder composition according to claim 1 wherein said hydrolyzable silane (A) is ^NC^C^HNCh^ChkCh^Si 
(OCH 3 ) 3 or H 2 NCH 2 CH 2 HNCH 2 CH 2 CH 2 Si(OCH 2 CH 3 )3. 

3. A binder composition of claim 1 or claim 2 wherein said hydrolyzable silane (B) is of formula (2) wherein n = 0. 

4. A binder composition according to claim 3 wherein said hydrolyzable silane (B) is Si(OCH 3 ) 4 or Si(OCH 2 CH 3 ) 4 . 

5. An aqueous coating composition comprising the binder composition of any one of claims 1 to 4 as a binder com- 
ponent. 

6. An aqueous coating composition according to claim 5 further comprising a water-dispersible or soluble compound 
having a ultraviolet absorbing function. 

7. An aqueous coating composition according to claim 6 wherein the compound having a ultraviolet absorbing function 
is a water-dispersible or water-soluble organic absorbing agent. 

8. An aqueous coating composition according to claim 6 wherein the compound having a ultraviolet absorbing function 
is a microparticulate inorganic compound containing titanium, cerium or zinc. 

9. An aqueous coating composition according to claim 6 wherein the compound having a ultraviolet absorbing function 
is an acrylic copolymer containing a ultraviolet absorbing group. 

10. An article having a coating of the aqueous coating composition of any one of claims 5 to 9 formed on its surface. 



